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(54) PROCESS FOR ISOMERIZTNG ALKYLATED BENZENES 

(71) Wo* Engelhard Minerals & 

Chemicals Corporation, of 430 Mountain 

Avenue Murray Hill. New Jersey, United 

States of America, formerly of 113 Astor 

Street. Newark. Now Jersey. United States 

of America, a corporation organized under 

the laws of the State of Delaware, one of 

the United States of America, do hereby 

declare the invention, for which we pray 

that a patent may be granted to us, and the 

method by which it is to be performed, to 

be particularly described in and by the fol- 
lowing statement: — 
This invention relates to a process for 

isomerizing an alkylated benzene containing 

from 8 to 10 carbon atoms and having two 

or more aikyl substituents each of which is 

a methyl or ethyl group, or a mixture of 

such benzenes. 
There is substantial interest in the iso- 

merization of such benzenes, which arc ex- 
emplified by the xylenes, particularly hydro- 
car Don mixtures rich in mcta-xylene and 
having less than an equilibrium amount of 
para-xylene and often a xninor amount of 
ethylbeazene. During the isomerization, the 
nietaorylene-rich mixtures are converted to 
reaction products containing greater amounts 
of para-xylene, the latter isomer being separ- 
ated from the reaction product by crystalli- 
zation or extraction and employed, after 
oxidation, in the manufacture of polymers. 
The product may also be reduced in ethyl- 
benzene content compared with the starting 
mixture. Other suitable alkylated benzenes 
include pseudocumene and prehnitenc. The 
various alkylated benzenes are usually avail- 
able in forms containing less than about 10 
ppm by weight sulphur, often less than 
about 1 ppm. One example of this type of 
isomerization is described in U.S. Patent 
No, 2.976,332, wherein a catalyst contain- 
ing a platinum on alumina component 
which is physically mixed with a silica-alu- 
mina cracking: component is used. In the 
isomerizationr the alkylated benzene feeds, 
which contain a non-equilibrium amount ot 
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isomers of die alkylated benzene taken on 
the basis of the ratio that would be present 
in thermodynamic equilibrium at the iso- 
meriza-tion temperature, arc converted to a 
mixture of isomers more closely appraxtma- 
ting the equilibrium amounts. If desired, 
a selected Isomer or mixture of isomers can 
be separated from the product and remain- 
ing materials recycled to the reaction zone 
for isomerization along with fresh alkylated 
benzene feed. 

According to die present invention, there 
is provided a process for isomerizing an 
alkylated benzene containing from 8 to 10 
carbon atoms and having two or more alkyl 
substituents each of which is a methyl or 
ethyl group, or a mixture of such benzenes, 
which comprises isoroerizing the benzene or 
mixture In the presence of molecular. hydro- 
gen and in contact with a catalyst compris- 
ing minor amounts of a platinum series 
metal (as hereinafter defined) and rhenium 
supported upon a major amount of a por- 
ous, solid oxidic support having an average 
tertiary butylbenzene dealkylation activity 
at 455*C (without water addition) of at 
least 20 cubic centimeters (STP) per gram 
per minute, as measured by the method re- 
ferred to hereinafter. 

As used herein, the term "platinum series 
metal" means metals of the platinum triad 
(i.e. osmium, iridium and platinum) and 
metals of the palladium triad (Le. ruthen- 
ium, rhodium and palladium). 

The support of the catalyst employed in 
the process of this invention is a solid* 
porous oxidic support which exhibits a sub- 
stantial average acidity, Le., a tertiary butyl- 
benzene dealkylation activity of at least 20 
cubic centimeters (STP) per gram per min- 
ute at 455°C (without water addition); J** 
tertiary butylbenzene dealkylation activities 
given herein are measured by iho method of 90 
Marvin F. L. Johnson and John S. Malik, 
as published in "Dealkylation of t-Butyl- 
benzene by Cracking Catalysts". Journal of 
Physical Chemistry. Vol. 65. pp. 1146—1150 
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(1961). Preferably, s«ch activity is from 

Ii is preferred that the catalyst be a physi- 
cal admixture of (a> particles of a porou* 
5 solid oxidic support of relatively low. iS 
anv. acidity (e.g. an alumina support), on 
wlucb the platinum series menu ana rhenium 
arc supported, and <b> particles of a por- 
ous, sofkl oxidic support phibiung subsunn- 

10 tial acidity but low Jd bydrogenation- 
dehydrosenation activity (eg. a sJ^;^ 
mtaa support, a crystalline aluminosilwate 
support of relatively large paw^tffB; 
turn thereof). However other forms of 

15 catalyst can be employed. Thus, for ex- 
ample, either the pfatmum series metal or 
rhenium used as promoters can be sup- 
ported on the relatively non-acidic support 
while the other of the Pjatmum serfesi metal 

20 or rhenium Is supported by the support of 
higher acidity. Also, the rektividy non- 
acidic support and the support of hisher 
additv can be mixed to form a composite 
support on which the planum series metal 

75 andThcirfumaremenaeposited ■ I" 

alternative form of the catalyst, both tho 
platinum series metal and rhenium can be 
&sposc4 on the support of higher aoditv 
an J then the composite physically mixed 

30 with a solid, porous oxidic support ot Jpw 
Sty togive an overall catolyst having 
^^sired 5 average acidity. In the totter 
Spa of catalyst, the support of higher add- 
itTrnay be a mixture of 

35 with the platinum series metal and rher^uin 
being on either or both of the silica-alumina 
nartfcle types. For instance, can be ad- 
vantageous if the platinum series metal 
supported on a silica-alumina support eon- 

40 mC from 10 to 20 weight % oluinma 
while the rhenium is. supported on a sd C£ 
alumina support having an alumina content 
of from 15 to 40 weight 
The catalyst employed in the process of 

45 this invention has on an overall or avcrna> 
bask minor amounts of the platuium senes 
metal and rhenium. The amount of each 
SSSrt As preferably from 0.1 to ±S wtajht 
< of the overall catalyst, more preferably 

50 AdTu to 1 weight %. Althou A various 
platinum series metals can be used in we 
fataJyst. for instance platinum, palladium, 
or rhodium, platinum is preferred. 
° r ^rma?or P rx)mon of the ^t ejn- 

55 ployed In the isoraerizaoon process of tte 
Siventton is the solid, porous oxidic sup- 
DOrt The total amount of support can he 
?or examSe, from 95 to 99.8 weight X of 
the catalyst, although it can be a lesser por- 

60 Son of the catalyst, but usually at least 90 
weieht as the result of the pr^ssiic^ of 
maSU other than the platinum series 
ioetal and rhenium. The plaunum series 
metal and rhenium can. and preferably are, 

65 £ elemental state when the catalyst is used 



in the reacUon; however, they may also be 
hi combined form such as their oxides or 
sulphides. It is preferred that the plaimuni 
series metal and rhenium in the ' .cauUvsU 
are not delectable by X-ray diffraction 70 
anah'sis which means that if die metals oe 
present in the elemental state, their crystal- 
lite sizes are less than about 50 A as deter- 
mined by X-ray techniques. ^ T ,„ nm 75 

One method of providing the platinum 
series metal in the catalyst is by ^ontaci 
of the support, either in hydrous or in cal- 
cined form, with an aqueous solution or a 
haloscn-containing compound, for instance 
chloroplatinic acid. In this manner halo- 80 
nen is incorporated in the catalyst .for in- 
stance, in amounts of from 0.2 ^ 2 weujht 
«£. preferably from 0.3 to 1 weight Such 
amounts of halogen, eg chlorine, can also 
be provided in the catalyst from a source 85 
odier than the compound supplying ine 
platinum series metal. Rhenium can also 
be added to the hydrous or calcined support 
through contact with an aqueous solution 01 
rbculim compound, eg. pc/rtolc aad or 90 
ammonium perrhenatc. If the platinum 
series metal or rhenium is added to a cal- 
cined support, the resulting composite Is 
ccneraUy recalcined. Calcination of the 
catalysts used in this invention can be con- *a 
veniently conducted at temperatures of from 
700 to 1200°F, for instance in an. oxygen- 
containing gas. and this operation can be 
controlled to give a final analysis of desired ^ 

^ThTsupport of the catalyst is of selected 
characteristics in order to P!™|V** 
sired acidity and generally with low hydn> 
senaUon-denydrogenfltion activity. The sup- 
Dort usually consists of a mixture of metol Ji» 
oxides, the metals of which are preferably 
selected from Groups II to Iv <>f th c 
Periodic Table. Examples of such metal 
oxides are silica, alumina, t^™^'*^' 110 
magnesia, and their mixtures. The sup- HO 
port can consist of days, and synthetic and 
natural amorphous or crystalline alumino- 
silicatcs. and their mixtures. It is especially 
preferred that the support certain bo ith 
siHca and alumina in wt^*P™W 1,5 
the support of relatively high acidity Also 
the catalyst may have minor amounts of 
non-meial coniponcnts. «P«*Uy ^ 
which enhance acidic activity ^«J*™ 120 
and the halogens, for instance, fluorine and 120 
chlorine. 

Most advantageously, the support com- 
prises a mixture of materials of more or 
less distinct types, that is. a ntf«jw« ». „ 
relatively low acidity oxidic support ex- i» 
hibi ing a tertiary butylbcn*ene 
Hon acidity of up to 15. preferably up to 
10. wilh a relatively high aridity oxidw 
suDoort having a tertiary butylbenzwie da- 
Klto" acUvlty of at least 30. preferably 130 
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at least 500. The amounts of these separ. 
ate supports present arc such as to give aa 
overall porous oxidic support of the re- 
quired average acidity. The amounts are 
5 usually from 10 to 90 weight % of each. 
The relatively high acidity support can be 
from 0.5 to 95 weight % of the catalyst, 
preferably from 10 to. 70 weight %. Far 
example, the total support may contain 
10 from 30 to 95 weight % of amorphous 
silica-alumina, preferably from 40 to 70 
weight %, with the essential balance of the 
support being composed of the relatively 
non-acidic or low activity component, for 
15 instance, alumina. As another example, 
the support can be composed of from 1 to 
50 weight %. preferably from 10 to 30 
weight %, of an acidic material containing 
a mixture of crystalline alumJnosilicate and 
20 amorphous silica-alumina in which the 
crystalline alurainosiUcate is from 5 to 25 
weight %, the remaining portion of the 
support being essentially a lower activity 
material such as alumina. As a further alter- 
25 native the support can contain from 0.5 to 
40 weight %, preferably from 10 to 25 
weight %, of a crystalline aluminosllicate. 
with the essential balance of the support 
being alumina. , . . 

30 The various porous oXJOic supports Which 
can be used are available in many forms. 
These supports are generally of relati vely 
high surface area and usually have a BET 
surface area as determined by the nitrogen 
35 absorption method [JACS, Volume 60, be- 
ginning at page 309 (1938)] of at least 100 
square meters per gram. As a relatively 
low acidity support, alumina is particularly 
preferred and it can be in one or a mixture 
40 of the activated forms known as gamma 
family aluminas such as chi. gamma and 
eta aluminas. 

The alumina supports which can be pre- 
sent in the catalyst used in the process of 
AS the invention preferably have a surface area 
of at leant 150 square meters per gram and 
la preferably composed to a major extent of 
gamma-family alumina modifications derived 
by the activation or calcination of alumina 
50 trihydrates. These gamma-family or acti- 
vated alumina modifications include among 
others, gamma and eta aluminas. U.S. 
Patent No. 2.838,444 discloses this type of 
alumina support having surface areas in the 
55 range of from 350 to 550 square meters 
per gram, while in U.S. Patent No. 2.838.44S 
there is described catalyst supports made 
from predominantly trihydrate alumina pre- 
cursors, the supports having surface areas 
60 in the range of from 150 to 350 square 
meters per gram. These supports are suit- 
able for use in the present invention, especi- 
ally the higher area supports of U.S. Patent 
No. 2,838.444 which supports during use 
65 may have their surface areas reduced to. 



for instance, from 150 to 250 square meters 
per gram. As slated; the preferred alumina 
precursors predominate in trihydrate which 
may contain one or more of the bayerne, 
gibhsite or noTdstrandite (previously called 70 
randomite) forms, and preferably a major 
amount of the trmydratc is composed of 
bayeritc or nordstrandite which when cal- 
cined can form eta alumina. It is also ad- 
vantageous that the hydrous alumina pre- 75 
cursor contain from 65 to 95% of the tri- 
hydritc with the essential balance being com- 
posed by one or both of the alumina mono- 
hydrate, boehmites or amorphous hydrous 
alumina. Preferred alumina supports have 80 
pore volumes of at least 0.1 cc./gm,, prefer- 
ably at least 0.15 ec./gm-, in pores greater 
than 100 A radius. It is also preferred mat 
these supports have at least 0.05 cc/gm. 
in pores greater than 300 A or even greater 85 
than 600 A radius. These determinations 
are by the mediod described by Barrett. 
Joyner and Halenda, J ACS. 73, p. 373 
(1951). M 
The amorphous silica-alumina supports 90 
which can be present in the catalyst cm- 
ployed in the process of this invention are 
available in several forms. These supports 
usually contain from 10 to 40 weight % 
alumina with the essential balance being 95 
silica, although minor amounts of odier 
components such as metal oxides may be 
present These silica-alumina supports 
after calcination usually have surface areas 
of from 100 to 500 square meters per gram. 100 

Other types of silica-alumina supports 
which can be present in the catalyst are the 
natural and synthetic crystalline alummo- 
silicate supports. These supports are of the 
relatively large pore variety, that is. having 105 
relatively uniform pore openings with a 
minimum diameter of 10 A, for instance, 
10 to 15 A, preferably 12 to 14 A. The 
mole ratio of sUica-to-alumina in these sup- 
ports is usually at least 2:1 up to 12:1, 110 
However, the preferred crystalline aiumino- 
silicate supports have silica-to-alumina mole 
ratios of from 2 to 6:U or from 4 to 6:1, 
such as those of the faujasite type. The 
various crystalline aluminosilicate supports 115 
are usually avail able or made in the sodium 
form and generally it is desired to reduce 
the sodium content of these supports so 
that it is less than 4 weight %. preferably 
less than 1 Weight %. of the crystalline alu- 120 
minosilicate. The amount of sodium can 
be reduced through exchange with hydro- 
gen ions, or precursors thereof such, aa am- 
monium ions, or with polyvalent metal ions, 
for instance, those of the rare earth series 125 
such as cerium or praseodymium, or their 
mixtures. Usually, the extent of ion ex- 
change is such that at least 50 mole %> 

rtferably at least 90 mole %, of the sodium 
removed. 130 
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The iswnerization process of this inven- 
tion can be carried out at temperatures ol 
from 650 lo 950>F. preferably from 700 i lo 
900°F. Other suitable reaction cojidJtions 
include pressures of from 50 to 500 pji& 
S velocities of from 0.2 to 20, WHSV 
(wehmts of hydrocarbon oer weight of ^cata- 
lyst per hour) and at molecular hydrogen us 
hydrocarbon mol ratios of from 3 to 30.1. 
Preferably, these reaction conditions arw 
from 100 to 350 psi ? from 05 to 15WfKV 
and from 4 to 15:1 hydrogen to hydrocar- 
bon rnolo ratio. Preferably, the fluid ma- 
terials in the isomerization reaction zone 
have less than 100 ppra sulphur, more pre- 
ferably less than 20 pom or less than 10 
ppm. 



In the process of the invention, the cata- 
lysts canT>o employed in any convenient 
particle size. Thus, the catalyst may. ba 
finely divided and employed as fluidizcJ 
bed but more preferably the catalyst is 
mncrosize size as obtained, for instance, by 
tabletiina or extrusion. The rrmcrosfce par- 
ticles usually have diameters of froia . r . 
to i inch, preferably from V« to ^Jttcb 
and. if not spherical, lengths of from « w 
one inch or more, preferably from * to 3 
inch. The macros!*! catalyst can be ern- 
plbved as a fixed or moving bed but is nor- 
rnnfJv used as a fixed bed. 

Carbonaceous deposits can accumulate on 
the catalysts as isoracrization proceeds, and 
the catalysis can be regenerated by carbon 
burn^off which improves the catalytic char^ 
aXistics suffiaendy for the catalysts to 
bs reused on an economic basis. Al J* e 
beginning of regeneration, the carton x»nr 
tent of Sic catalysts is generally above 03 
weight %. usually greater than 3 weight 
Dufing deration of the c^ialystsby burn- 
ins, the carbon level is usually reduced to 
Mow 05 weight %. preferably bdow 0.2 
St *. This burning can be conducted 
.through contact of the catalysts w th an 
oxygen-containing gas and J^^?^ 
amount of oxygen is controlled to main- 
EE ? the tempcrltnre of the catalysts from 
700 to 900 ox 1000;F . pre^bly m the 
temperature range of from 700 to BSC IF. 
The pressure maintained during burning fc 
preferably elevated, for instance, from 50 
f Q 500 psV The controlled burning is usu- 
Sly Wed with an inert gas. e.g. mtro- 
55 «i carbon dioxide or their mixtures, con- 
&TaVmall amount of axygen, for -m- 
SanceTup to 1 mole % and P^eraWy with 
anoxygen partial pressure of at least 0-2 
osic the bulk of the carbon has 

fcen removed from tho catalysts by a gas 
containing the relatively «^ tt0 ° 
of oxygen, the amount of oxygen can be 
kcr^ased somewhat to insure that sufficient 
Snhas been removed from the catalysis 
65 without exceeding the desired temperature. 
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Tills type of treatment is e^plificd by 
o£ or more burns-ihrou^ of a 
lyst bed at 800-F: to S50*F. and 100 » ■ 500 
Dsia with a gas containing above 1 to J or 
somewhat iealcr mole percent oxygen^ 
Other suitable carbon-bunung pictures 
can be employed as long as wj^^^ 
tares are controlled and the carbon level 
of the catalysts is adequately lowered . uur 
Ing carbon bum-off and any subsemtcnt 
treatments of the catalysts with an oxygen- 
containing or other gas at elevated tem- 
^mresf the gas should be dry » 
avoid undue sintering of the catalystb and 
loss of surface area. Such 
increases as temperature., water content of 
the gas or treating time « raised* 

EspeciaDy whe£ the crystallite suo of 
thepromottng metals on the catalysts is s to 
be reduced, the catalysts can. after carbon 
burn-off. be contacted with an «y^-con. 
mining gas at a temperature : of tag -WW 
to l05o r F.. preferably from 850 to 950 F, 
aTid. if desired, an devaicd pressure such as 
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from 100 to 500 psig. Thfc t^mCftl can 
be referred to as an air soak and the oxy- 
gen content of die gas Is usually greater 
man that present in the gas employed lor 
cartoi buS: Thus. die. oxygen content 
of X gaseous stream employed for an: 
soaking usually at least 5 mole %. How- 
ever, there has been found Jto • JPa^ular 
reason for increasing die gas content above 
20 mole %. The air soaking period is gener- 
aHy a tost one hour and is usually con- 100 
Snued for several hours, for instance, in 
we range of from 5 to 24 hours, W 
tton and air soaking procedures for 
the catalysts are disclosed in US. Patenr 
922 756 - 
the virdn catalysts used in this invention 
or used catalysis of such types, say after 
r^^ration with or without, reactivation. 
ca^bTrcduced by contact w th a mjseous 
stream which contains molecular hydrojzen. nu 
The treatment can be at ^ de^ie^em- 
nerature, for instance, from 600 to 1000 R. 
prSerabiy from 750^ to 9S0«f. 
pressures are nreferably u^. in ^reduc- 
Son and can W for w™&-J^ Q ™£ 113 
600 psig. preferably from 50 to 350 pwg. 
Ajmarerllly. the reduction converts thecaUi- 
fyUc promoting metals to their d«nentol 
state, but if a vaporous sulphicfin^ agent be 
r^slnt some or ill of the promoSng metals 120 
SSy be sulpbided. The gas slream em- 
ployed during reduction is usualty com- 
posed of front 70 to 100 volume ^hydro- 
gen, preferably from 95.or 99 to jl W Mg- 
urae with any remammg components be- 125 
ing up to 30 volume % of inert gas such 
as nitrogen. The gas advajtaAeously con- 
tains less than 1 volume g hy^^oow 
boiling above methane, preferably less man 
0.1%. 
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To avoid undue hydrocracking of the hy- 
drocarbon feedstock during m the Initial 
period of hydrocarbon procesaing after the 
catalysts arc placed on-stream. the cata- 
5 lysts can be contacted with a gas containing 
fiulphur-providane component in vaporous 
form. This sulphidiog treatment can bo 
conducted simultaneously with or subse- 
quent to the reduction. If sulphlding is con- 
10 ducted simultaneously with the reduction, a 
non-carbonaceous sulphur compound is pre- 
ferably used due to the presence of oxygen 
in the systan and to avoid any localized 
overheating of the catalyst. A suitable sul- 
15 phur-providing material or sulphlding agent 
is H a S. The amount of sulphlding agent 
employed is at least 25%, preferably at 
least 50%. ot the stoichiometric amount 
needed to give one atomic weight of sul- 
20 phor for each atomic weight of m total 
platinum series metal and rhenium m the 
catalvst. Preferably the amount is at least 
50%" up to 500% or more. The sulphlding 
operation can be done at an elevated tem- 
25 perature. e.g. from 650 to 950*F., and at any 
. suitable pressure, preferably an elevated 
pressure such as from 100 to 500 psig. The 
sulphlding gas is reductive and usually con- 
tains a minor amount of the sulphur-bear- 
30 hig component, e.g. from 0.1—10 volume 
% preferably from 0.2 to 3%. with the 
major component being hydrogen or an 
inert gas such as nitrogen. When the stil- 
phiding is conducted simultaneously with 
35 or subsequent to reducing the catalysts i with 
hydrogen, the catalysts are in sulphided 
form when they first oontad tho hydrocar- 
bon being processed which avoids excessive 
hydrocractmg with its attendant yield and 
40 selectivity losses. 

It can be further advantageous in mini- 
mizing hydrocracking caused by the re- 
duced catalysts whether presulphided or not 
to supply vaporous sulpMding agent to the 
45 conversion system when charging of the 
hydrocarbon feedstock is begun. Thus, a 
Jill amount of the sulphidinc agent. SUfrV 
cient to significantly reduce hydrocracking 
during the initial portion of the processing 
50 cycle, can be added to the system. The 
sulphlding agent can conveniently be 
charged witn the recycle gas at -with the 
hvdrocarbon stream. The amounts of sul- 
phiding agent employed are usually from 1 
55 to 500 ppm by volume based on the hydro- 
gen passing to tho reaction system, prefer- 
ably from 5 to 200 ppm. This sulphlcHug- 
aKent addition can be continued ^as Ion* as 
the operator desires but often the addition 
60 will approximate the time period in which, 
in the absence of the sulphiduig-asem addi- 
tion, die catalysis would cause sigmficantlv 
excessive hydrocracking. The penon ot 
sulphiding-agcnt addition upon placing the 
6*5 reduced catalysts back on processing earnn 



be. for instance, from 1 to 60 or more days 
and is usually from 3 to 10 days.^ 

It may also be advantageous to tncoxpor- 
ate in the reaction system a small amount 
of ammonia or a material which is decom- 7U 
posed under the reaction conditions to 
supply ammonia such as the lower aucyi 
amines, for instance, butyl amine. The 
ammonia can serve to give better catalyst 
performance during an initial period of reia- 7* 
tively high activity in order that the destrea 
selectivity can be obtained, for instance, an 
approach of at least 95% towards equili- 
brium. The amount of ammonia is usually 
from 5 to 200 parts per million by Weight ai> 
based on the alkylated benzene feed, pre- 
ferably from 10 to 100 pans per million. 
As the reaction proceeds it may bo neces- 
sary to decrease the amount of ammonia 
and to even omit its introduction entirely «:> 
in order to obtain an adequate approach to 
equilibrium. It may be advantageous to 
enhance the activity of the system by pro- 



viding from 5 to 200 ppm water based on 
the weight of the alkylated benzene feed. 90 
preferably from 25 to 75 ppm. The water 
may be especially desired when the over- 
all supports of the catalyst have a tertiary 
butyibehzene dealkylation activity of below 
30. The invention wdl now be illustrated 95 
by the following Example. 

EXAMPLE b , 
The following catalysts were evaluated in 
the isomerization of xylenes : . 100 

Catalyst A — This catalyst was a phyaipaJ 
admixture ot spray-dried alumina having 
impregnated therein 0.6% platinum and 
0.6% rhenium (calcined basis), the alumina, 
whose t-butyJbenzeae dealkylation activity 105 
was 13. being a mixture of 



45% bayerite, 

10% gibbsite. 

20% nordstrandite. 

22% boehmlte and 

3% amorphous hydrous alumina; 



no 



with about an equal amount by weight (on 
an ignited weight basis) of spray-dried. 115 
microspherical, amorphous ^ smca^mmna 
cracking catalyst containing about 12 weight 
% alumina and after partial deactivatw>n 
and calcination having: a t-butylbenzene de- 
allcylation activity of about 1600. Tho mix- 120 
ture. containing sufficient water to provide 
an extrudable consistency, was extruded into 
particles Vio inch in diameter and about \ 
to i inch in length. The extruded particles 
were dried and then calcined m a stream of 125 
dry air at 900°F. for three nours. The cal- 
cined panicles had a surface area of about 
400 square meters per gram, and a calcined 
composite of the alumina and sihxa^lumma 
the catalyst, that is. on a non-platinum, 130 
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non-rhenium basis, exhibited a t-butylbenz, 
ene dealkylation activity of abou; 800. 

Catalyst B — This catalyst was made by 
impregnating a sprzy-drirf alumina con- 
5 mining about 75% boehmiie »™ng a crys- 
tallite size of 35 A- and about 25% amor- 
phous hydrous alumina with a7% platinum 
and 05% rhenium (calcined basis). The 
impregnated aliimina O-butylbenzerie de- 

10 alkylatioa activity of 5) was mrxed with 
25% based on the total ignited weight of an 
ammoruum -exchanged, crystalline alum i no- 
silicate of the faujasite type having a , sihea- 
to-alumina mole ratio of 4.5:1 and pore 

15 openings of 13 A diameter. The mixture 
was combined with water to give a material 
of extrusion consistency and was extruded 
into particles of the same size as those of 
Catalyst A. These panicles were calcined 

20 in the manner of Catalyst A and the cal- 
cined catalyst had a surface area of about 
375 square meters per gram. A calcined 
composite of the alumina and nlunnnosU*- 
chic of the catalyst, that is on a non- 
25 platinum, non-rhenium basis, had a t-biity^ 
benzene dealkyfation activity of about 1000 
after calcination. A . . , 

Each of catalysts A and B was evaluated 
in tlie isomerization of xylenes. The cata- 

30 lyst was disposed hi the reactor as a flxetf 
bod and was prereduced in hydrogen at 
about 900°F. The xylene feedstock con- 
tained about 7 weight % parn-xyjeno. 4* 
wdaht % meta-xylene, 38 weight % ortho^ 

35 xylene. 5% etbylbenzene. 4% total para> 
ffins and cvclo-paraffins and essentially no 
sutshur The isomeric tions were con- 
B at about 820-F.. 175 psig. 2 WHSV 
and 5:1 hydrogen to hydrocarbon mole 

40 ratio. Both catalysts A and B when used 
5n the isomerization system gave an ap- 
proach to equilibrium in the range of 95 
to 98% and the product contained Jess than 
4 weight % increase in hydrocarbons boil- 

45 in* below the C< range. The catalyst also 
exhibited good Jife and relatively low coke 
formation during the isomerization* 
WHAT WE CLAIM IS:— 
1 A process for isomerizing an aDcyl- 

50 ated benzene containing from 8 to 10 car- 
bon atom6 and having two or more alfcyi 
substituents each of which is a methyl or 
ethyl group, or a mixture of such benzenes, 
which comprises isoraerizing die benzene or 

55' mixture In the presence of molecular hydro- 
pen and in contact with a catalyst compris- 
ing minor amounts of a rtatfnuni series 
metal (as hereinbefore defined) and rhenium 
supported upon a major amount of a porous, 

60 solid oxidic support having an average ter- 
tiary butylbcnzene dealkyfation activity at 
455 °C (without water addition) of at least 
'20 cubic centimeters (STP) per gram per 
minute, as measured by the method referred 

65 to hereinbefore. 



2. A process according to claim I. in 
which the benzene or mixture is isomerized 
ru a temperature. of from 650 to 950 "F. 

3. A process according to claim 2, m 
which the benzene or mixture is istmienzcd a* 
at a temperature of from 700 to 900 r. 

4. A process according to any one or 
the preceding claims, in which the benzene 
or mixture is isomerized at a .pressure or 
from 50 to 500 psig. . . 

5. A process according to claim 4, m 
which the benzene or mixture is isomerized 
at a pressure of from 100 to 350 psig. 

6. A process according to any one of 
the preceding claims, in which the catalyst «" 
contains from 0.2 to 1% by weight of the 
pladnum series metal. 

7. A process according to any one of 
the preceding claims, in which the catalyst 
contains from 0.2 to 1% by weight of » 
rhenium. • 

8. A process according to any ono of 
the preceding claims. In which the platinum 
series metal 2s platinum, 

9. A process according to any one of the w 
preceding claims, in which the support has a 
surface area of at least 100 square meters 
per gram. 

JO. A process according to any one of 
the preceding claims, in which the catalyst » 
comprises an admixture of (a) particles of 
a porous, solid, oxidic support haying a 
tertiary butylbenzene dealkyfation activity at 
45S a C (without water addition) of up to IS 
cubic centimetres (STP) per gram per min- 100 
ute. measured by the method ' referred to 
hereinbefore, which particles have the 
platinum series metal and the rhenium sup- 
ported thereon,, and (b) particles of a solid, 
oxidic support having a tertiary butylbenzene 105 
dealkylalion activity at 455°C (without 
water addition) of at least 30 cubic centi- 
meters fSTP) per gram per minute, as meas- 
ured by ihe method referred to hereinbefore. 

IK A process according to claim 10, m uo 
which the support having the lower activity 
k an alumina support. ... 

12. A process according to claim 11, m 
which the alumina support is obtained by 
calcination of hydrous alumina which is pre- 
dominantly the trihydrate form. 

13. A process according to any one of 
claims 10 to 12, in which the support hav- 
ing the higher activity is an amorphous 
silica-alumina support or a crystalline alu- 120 
minosilicate support. . ^ . 

14. A process according to claim 13, rn 
which the crystalline aluminosDicate support 
has a silica.- to -alumina mole ratio of from 
2:1 to <j:J, pores of from 10 to 15 A in 125 
diameter, and a sodium content of less than 

1% by weight. 

15. A process according to any one of 
the preceding claims, in which the mixture is 

a mixture of xylenes containing meta-xylene 130 



PAGE 23/25 • RCVD AT 1/29/2007 4:36:37 PM [Eastern Standard Time] * SVR:USPT0€FXRF-1/4 * DNIS:2738300 1 CSID:281 834 1 438 1 DURATION (mm-ss):08-30 



JAN-29-2007 HON 04:47 PM EXXONMOBIL 



FAX NO. 281 834 1438 



1.332.349 



and less than an equilibrium amount of 
para-xylcnc 

16. A process in accordance with claim 
1 for isomexizing an alkylated benzene hy- 
drocarbon, substantially as described in the 
foregoing Example. 

17. Toe product of a process claimed 
in any one of the preceding claims. 
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